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FIG.8 
TIMING INFORMATION 
(MEASURE DELIMITATION POSITION) 
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METHOD AND APPARATUS FOR REPRODUCING 
CONTENT DATA 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present invention contains subject matter 
related to Japanese Patent Application JP 2005-012534 ?led 
in the Japanese Patent Office on Jan. 20, 2005, the entire 
contents of Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a method and 
apparatus for reproducing a content such as music and video. 

[0004] 2. Description of the Related Art 

1. Field of the Invention 

[0005] Computers serving as a controller for a variety of 
apparatuses are becoming more and more compact and 
sophisticated in performance. With such a computer incor 
porated in a reproducing apparatus reproducing music and 
video, the reproducing apparatus also becomes sophisticated 
in performance. Such a high-performance reproducing appa 
ratus offers to users a Wider range of entertainment of 
contents to be reproduced, such as audio and video. 

[0006] For example, a contemplated audio/visual (AV) 
apparatus automatically starts reproducing a content by 
detecting a motion of a user in a room Without the need for 
the user to select one of a reproduction button and an end 
button. Also contemplated are an AV apparatus and a disk 
jockey/video jockey (DJ/V D) tool for imparting a change to 
a content currently being reproduced in synchronization 
With the motion of the user. 

[0007] Japanese Unexamined Patent Application Publica 
tion No. 2004-246535 discloses a technique, in Which the 
feeling and psychology of a user are detected, and a content 
matching the user is presented based on information of the 
feeling and psychology or information obtained from ana 
lyzing the feeling and psychology. 

[0008] It is thus contemplated that a content to be repro 
duced is changed and/or selected by detecting the motion of 
the user or based on bio-information of the user. The range 
of usage and entertainment of the content to be reproduced, 
such as audio and video, is thus Widened. 

SUMMARY OF THE INVENTION 

[0009] There is a need for further Widening the range of 
usage and entertainment of audio and video through a 
mobile audio device and a ?tness machine, each capable of 
changing a reproduction speed of music in synchronization 
With a gait tempo of a user. To satisfy such a need, a 
technique of sensing the state of the user and re?ecting the 
sensed state in the content is important. 

[0010] In one contemplated sensing method, a feature 
point of a physical motion of a user (timing of the user’s 
entering a room, a timing of a motion of the body of the user, 
a timing of the user’s treading motion, etc.) is detected from 
an acceleration sensor, a camera, and a pressure sensor 

embedded into the ?oor of a room, and a start point and a 
beat of a content are thus synchronized With the physical 
motion of the user. In this method, a trigger timing felt by the 
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user (the moment the user extends his arm, or steps on his 
foot) sometimes fails to be synchronized With the feature 
point of a sensor signal (such as a maximum point), and the 
reproduction timing of the content needs to be placed ahead 
of or behind the feature point of the sensor signal. Fine 
adjustment is required. 
[0011] Signals from sensors may be successively pro 
cessed, and a reproduction method of a content may be 
determined after the detection of a trigger. In such a case, a 
time lag occurs, thereby causing the motion and action of the 
user and the content being reproduced to be out of synchro 
nization. The synchronization With and real time response to 
the physical motion are important in the entertainment of the 
content. To reproduce the content, such as audio and video, 
in synchronization With the action of the user, in an effective 
manner, the synchronization and response of the reproduc 
tion of the content With the motion of the user need to be 
maintained excellently. 
[0012] It is thus desirable to provide a method and appa 
ratus for synthesizing the reproduction timing of the content 
With the motion and action of the user to achieve good 
synchronization and response, and to use the content effec 
tively. 
[0013] An apparatus for reproducing a content, includes a 
reproduction processing unit for reproducing the content, a 
detecting unit for detecting a motion of a person, a predict 
ing unit for predicting a timing of the motion of the person, 
based on an output from the detecting unit, and a control unit 
for controlling the reproduction processing unit in the repro 
duction of the content by synthesizing a timing indicated by 
timing information corresponding to the content to be repro 
duced With the timing of the motion of the person, predicted 
by the predicting unit. 
[0014] In the content reproducing apparatus, the reproduc 
tion processing unit reproduces the content, the detecting 
unit detects the motion of the person, and the predicting unit 
predicts the timing of the motion of the person, based on the 
output from the detecting unit. 
[0015] The control unit controls the reproduction process 
ing unit in the reproduction of the content by synthesizing 
the timing indicated by timing information corresponding to 
the content to be reproduced With the timing of the motion 
of the person, predicted by the predicting unit. 
[0016] The reproduction timing of the content is thus 
synthesized With the motion and action of the user. The 
content is reproduced so that the synchronization and 
response of the content to the motion and action of the user 
are improved. The content to be reproduced offers more 
entertainment. As a result, the content is more effectively 
enjoyed. 
[0017] In accordance With embodiments of the present 
invention, the rhythm and change timing of the motion of the 
user reproducing and using the content are predicted so that 
the reproduction timing of the content is synchronized With 
the rhythm and change timing of the motion of the user. With 
this arrangement, the feeling and entertainment of the user 
Who moves in synchronization With the content, such as 
music, are enhanced. The content is effectively used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a block diagram illustrating a content 
reproducing apparatus in accordance With one embodiment 
of the present invention; 
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[0019] FIG. 2 is a block diagram illustrating in more detail 
the content reproducing apparatus of FIG. 1; 

[0020] FIG. 3 illustrates a mobile version of the content 
reproducing apparatus of FIG. 1; 

[0021] FIG. 4 illustrates an stationary version of the 
content reproducing apparatus of FIG. 1; 

[0022] FIG. 5 is a functional block diagram of the content 
reproducing apparatus of FIG. 1; 

[0023] FIG. 6 illustrates a sensor signal output from an 
acceleration sensor mounted on a headphone; 

[0024] FIG. 7 illustrates an auto-correlated Waveform that 
is obtained by converting the sensor signal of FIG. 6 
through an auto-correlation function; 

[0025] FIG. 8 illustrates music content data having mea 
sure as delimitation information; 

[0026] FIG. 9 illustrates a short music piece having a 
measure unit as a content material; 

[0027] FIG. 10 illustrates a ?rst reproduction method of 
the music content; 

[0028] FIG. 11 illustrates a second reproduction method 
of the music content; 

[0029] FIG. 12 illustrates a sWitch timing of a video 
content synchronized With a predicted motion of a user; 

[0030] FIG. 13 is a ?owchart illustrating a content repro 
duction process of the content reproducing apparatus; 

[0031] 
[0032] FIGS. 15A-15C illustrate hoW the motion of the 
head is detected; and 

[0033] 
detected. 

FIG. 14 illustrates an installed Walk sensor; 

FIG. 16 illustrates hoW the motion of the hands is 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0034] The embodiments of the present invention are 
described beloW With reference to the draWings. 

[0035] FIG. 1 is a block diagram of a content reproducing 
apparatus in accordance With one embodiment of the present 
invention. As shoWn in FIG. 1, the content reproducing 
apparatus includes a controller 10, an output module 20, a 
storage 30, an external interface (UP) 41, an input UP 42, a 
digital UP 43, a Wireless I/ F 44, a transceiver antenna 45, and 
a sensor module 50. 

[0036] The controller 10 is a microcomputer including a 
central processing unit (CPU) 11, a read-only memory 
(ROM) 12, and a random-access memory (RAM) 13, With 
all these elements connected via a CPU bus 14, and controls 
each block of the content reproducing apparatus (recording 
and reproducing apparatus). 

[0037] The output module 20 includes an audio decoder 
21, an audio output unit 22, a video decoder 23, and a video 
display unit 24. The audio output unit 22 is a loudspeaker, 
for example, and the video display unit 24 is a display device 
such as a liquid-crystal display (LCD), a plasma display 
panel (PDP), an electroluminescence (EL) display, or a 
cathode-ray tube (CRT). The audio decoder 21 decodes 

Aug. 24, 2006 

audio data being reproduced into an analog audio signal to 
be supplied to the audio output unit 22. The video decoder 
23 decodes video data being reproduced into an analog 
video signal to be supplied to the video display unit 24. 

[0038] The storage 30 includes an interface (UP) 31 and a 
recording medium 32. The recording medium 32 may be one 
of a hard disk, an optical disk, an electromagnetic disk, a 
semiconductor memory, a ?exible disk, etc. 

[0039] Alternatively, the recording medium 32 may 
include a plurality of identical recording media, such as a 
plurality of hard disks, or a plurality of optical disks. 
Furthermore, the recording medium 32 may include a plu 
rality of different recording media, such as a combination of 
a hard disk and an optical disk, or a combination of an 
optical disk and a magneto-optical disk. The recording 
medium 32 may be one of a built-in type or a removable 
type. 

[0040] As Will be described later, the recording medium 
32 stores audio data, video data, audio-visual (AV) data, 
softWare programs, and other content data. The AV data 
contains video data and audio data, both of Which can be 
reproduced in synchronization. The AV data is content data, 
such as video. 

[0041] The recording medium 32 also stores, as content 
attribute information of each content data, delimitation 
information indicating various delimitation positions of the 
content data. The delimitation information is arranged in 
each content data, and is stored on the recording medium 32 
in association With the corresponding content data. As Will 
be described later, the delimitation information can be 
doWnloaded from a server over the Internet via the external 
UP 41, or from an external apparatus via one of the digital 
UP 43 and the Wireless UP 44. The delimitation information 
can be acquired together With or separate from the content 
data. 

[0042] The external I/ F 41 in the recording and reproduc 
ing apparatus of this embodiment is used to connect to the 
Internet 100. The recording and reproducing apparatus can 
thus doWnload a variety of content data including audio data, 
video data, AV data, and text data via the Internet 100, and 
store the doWnloaded data onto the recording medium 32 via 
the UP 31. Conversely, the recording and reproducing appa 
ratus of this embodiment can transmit information to a target 
server to store the information therein. 

[0043] The input UP 42 is a keyboard receiving an opera 
tional input from a user. An operational input received via 
the input UP 42 is converted into an electrical signal, Which 
is then supplied to the controller 10. In response to the 
operational input from the user, the controller 10 controls the 
recording and reproducing apparatus of the present embodi 
ment. 

[0044] The digital UP 43 complies With the Institute of 
Electrical and Electronics Engineers (IEEE) 1394, Universal 
Serial Bus (U SB) standards, or other digital interface stan 
dards. The digital UP 43, connected to another electrical 
apparatus via a dedicated line, exchanges, With the electrical 
apparatus, data such as the content data and the delimitation 
information. 

[0045] The Wireless UP 44 and the transceiver antenna 45 
are linked With a Wireless local area netWork (LAN) for 
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information exchange. The recording and reproducing appa 
ratus can receive the content data and the delimitation 
information from the Wireless LAN via the Wireless UP 44 
and the transceiver antenna 45. 

[0046] In the recording and reproducing apparatus of this 
embodiment, the recording medium 32 in the storage 30 
stores the content data While storing the delimitation infor 
mation corresponding to the content data at the same time. 
The delimitation information, as the content attribute data, 
can be acquired, separately from the corresponding content 
data, via one of the external UP 41, the digital UP 43, and the 
Wireless UP 44. 

[0047] Each content data and the delimitation information 
corresponding thereto are associated by predetermined iden 
ti?cation information. The delimitation information of the 
corresponding content data can be supplied on each of a 
variety of recording media. The delimitation information 
can be supplied as being recorded on the same ?le, but on 
a chunk different from a chunk storing the content data. In 
such a case, the delimitation information can be also cor 
rectly acquired and used. 

[0048] The recording and reproducing apparatus of the 
present embodiment can transmit the content data and the 
delimitation information to another apparatus via one of the 
external UP 41, the digital UP 43, and the Wireless UP 44. 

[0049] The sensor module 50 includes a physical motion 
sensor 51, a physical motion encoder 52, an environment 
sensor 53, and an environment encoder 54. The physical 
motion sensor 51 is mounted on the body of a user, or 
located in the vicinity of the user to detect the motion of the 
user and convert the detected motion into an electrical 
signal. For example, the physical motion sensor 51 is one of 
a distortion sensor, an acceleration sensor, a shock sensor, a 

vibration sensor, a bearing sensor, a bend sensor, a pressure 
sensor, an image sensor, a pyroelectric sensor, an infrared 
sensor, an electrical charge sensor, and the like. 

[0050] The physical motion sensor 51 may be a video 
camera for picking up the image of the user. By analyZing 
video data captured by the video camera, the motion of the 
user is detected. A GPS (global positioning system) sensor 
may also be used as the physical motion sensor 51. Since the 
GPS sensor can precisely ?x the position of the user, the 
movement of the user can be monitored. 

[0051] For example, the motion of the user using the 
recording and reproducing apparatus includes a Walking 
movement of the user, an up and doWn motion of the body 
of the user, a sWing motion of the head of the user in forWard 
and backWard directions and lateral direction, an arm Wav 
ing movement, a forWard and backWard and lateral move 
ment of the torso, a movement of the body of the user 
entering into a room and leaving the room, and a change in 
the posture of the body of the user. More in detail, the motion 
of the user includes a variety of each portion of the body of 
the user, including the movement of the hand, the movement 
of the foot, hand clapping, and Walking gait. A change in the 
posture of the body includes standing up, sitting doWn, and 
lying ?at. 

[0052] Information concerning the position of the user, 
?xed by GPS, for example, information that the user has 
arrived at a destination, also indicates the motion of the user. 
A user operational input entered to a button, a keyboard, or 
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a percussion instrument type dedicated interface may also be 
used as information indicating the motion of the user. 

[0053] The physical motion encoder 52, serving as an 
interface betWeen the physical motion sensor 51 and the 
controller 10 in the content reproducing apparatus 100, 
converts detection data from the physical motion sensor 51 
into data in a format compatible With the controller 10. 

[0054] The environment sensor 53 acquires, in the form of 
an electrical signal, information relating to the environment 
in Which the user is. For example, the environment sensor 53 
includes one of a temperature sensor, a humidity sensor, a 
Wind meter, and an illuminance sensor. The environment 
encoder 54 converts data from the environment sensor 53 
into data in a format compatible With the controller 10. The 
encoder 54 thus serves as an interface betWeen the environ 
ment sensor 53 and the controller 10. 

[0055] Detection data (sensor signals) from the physical 
motion sensor 51 and the environment sensor 53 is trans 
ferred to the controller 10 in the recording and reproducing 
apparatus via the physical motion encoder 52 and the 
environment encoder 54, respectively. As Will be discussed 
in detail later, the controller 10 controls reproduction opera 
tion of the content to be reproduced, in response to the 
sensor signals from the sensor module 50. 

[0056] FIG. 2 is a block diagram illustrating in detail the 
content reproducing apparatus of this embodiment. The 
content reproducing apparatus includes a recording medium 
32, and a reproducing module of the apparatus of FIG. 1 
Without interfaces designated With reference numerals 
41-44. 

[0057] The recording medium 32 includes a content data 
storage section and an attribute information storage section, 
and stores content data and attribute data in association With 
the content data. The controller 10 includes a controller 
processor 10A, a decode unit 10B, and a mixer and effect 
processor 10C. The RAM 13 serves as a reproduction 
history information storage unit. 

[0058] The sensor signals from the physical motion sensor 
51 are supplied to the controller processor 10A in the 
controller 10 via the encoder 52 serving as a bio-information 
acquisition unit, and the sensor signal from the environment 
sensor 53 is supplied to the controller processor 10A in the 
controller 10 via the environment encoder 54 serving as an 
environment information acquisition unit. 

[0059] The UP 31 reads the content data received via the 
input UP 42 in response to a reproduction instruction from 
the controller processor 10A in the controller 10. The UP 31 
functions as a decode circuit 311, an attribute information 
acquisition unit 312, and a content data acquisition unit 313. 
The delimitation information as the content attribute infor 
mation is supplied to the controller processor 10A in the 
controller 10 While the content data is supplied to the decode 
unit 10B in the controller 10. 

[0060] The controller processor 10A in the controller 10 
predicts the timing of a motion (motion timing) of the user 
based on the sensor signals successively input from the 
physical motion sensor 51, and synchroniZe a target delimi 
tation position (delimitation timing) of the content to be 
reproduced With the predicted motion timing of the user. 
Synchronization feeling and response of the reproduced 
content are thus improved. 
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[0061] The controller processor 10A in the content repro 
ducing apparatus of the present embodiment predicts the 
motion timing of the user by analyzing the sensor signals 
successively supplied from the physical motion sensor 51, 
and controls the reproduction process of the content so that 
the target delimitation position of the content is synchro 
nized With the motion timing. The motion timing of the user 
thus matches the reproduction timing of the content to be 
reproduced. 
[0062] In the content reproducing apparatus of the present 
embodiment, the sensor signal from the environment sensor 
53 is also supplied to the controller processor 10A. The 
sensor signal from the environment sensor 53 is also taken 
into account in the control of the reproduction process of the 
content to be reproduced. If the environment sensor 53 is a 
temperature sensor, the reproduction speed of the content is 
adjusted in response to the detected temperature. 

[0063] The controller processor 10A in the controller 10 
controls the decode unit 10B and the mixer and effect 
processor 10C, thereby performing the reproduction process 
of the content data. More speci?cally, after being decom 
pressed by the decode unit 10B, the content data is supplied 
to the mixer and effect processor 10C. In response to a 
control signal from the controller processor 10A, the mixer 
and effect processor 10C synchronizes each delimitation 
timing of the content indicated by the delimitation informa 
tion With the motion timing of the user, thereby causing the 
reproduction timing to be synchronized With the movement 
of the user. 

[0064] An audio signal from the mixer and effect proces 
sor 10C is supplied to an audio decoder 21 and an audio 
output unit 22, both forming an audio output device, to 
output a reproduced sound. A video signal from the mixer 
and effect processor 10C is supplied to a video decoder 23, 
and a video display unit 24, both forming a video output 
device, to display a reproduced video. 

[0065] The content reproducing apparatus constructed as 
discussed With reference to FIGS. 1 and 2 predicts the 
motion timing of the user based on the detected output from 
the physical motion sensor 51, and synchronizes the repro 
duction timing of the content With the predicted timing. In 
this Way, the synchronization and response, felt by the user 
in response to the reproduced content, are improved. 

[0066] The content in the context of the present invention 
includes music, audio other than music, a moving image, a 
still image (graphics, draWings, characters), vibrations, light 
such as illumination light, and exercise performed using a 
variety of ?tness machines. The content thus includes every 
thing humans can vieW or sense. As shoWn in FIG. 1, the 
content is music or video, for example. 

[0067] The content reproducing apparatus constructed as 
described With reference to FIGS. 1 and 2 may be imple 
mented as a mobile type or a stationary type. FIG. 3 
illustrates a usage example of a mobile content reproducing 
apparatus of the present embodiment. FIG. 4 illustrates a 
usage example of an installed stationary content reproducing 
apparatus of the present embodiment. 

[0068] For example, a user 1 is noW enjoying music While 
Walking. As shoWn in FIG. 3, a Walk sensor mounted on the 
Walking user 1 as the physical motion sensor 51 detects a 
treading timing of each foot of the user 1 (onto ground). A 
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physical motion signal thus detected is supplied to a mobile 
version of content reproducing apparatus 100. 

[0069] As previously discussed, the controller 10 in the 
content reproducing apparatus 100 analyzes the detected 
output (sensor signal) of the treading timing (motion timing) 
of the user successively supplied from the physical motion 
sensor 51 and predicts the treading timing of the foot of the 
user. The controller 10 controls the reproduction timing of 
the content so that the timing indicated by the predetermined 
delimitation information of the content to be reproduced 
(such as the timing of beat or measure of the music) matches 
the predicted treading timing matches. The synchronization 
feeling and response feeling, felt by the user in response to 
the reproduced content, are thus improved. 

[0070] The physical motion sensor 51 can be mounted at 
a predetermined location of the foot, the arm, or the head of 
the user. As shoWn in FIG. 3, a headphone is used as the 
audio output unit 22. The audio output unit 22 is not limited 
to the headphone. 

[0071] The content reproducing apparatus 100 may repro 
duce a video content using the video display unit 24 such as 
an LCD. In such a case, the video content is controlled so 
that the timing indicated by the delimitation information of 
the video content is synchronized With a change timing of 
the physical motion of the user. 

[0072] FIG. 4 illustrates the stationary content reproduc 
ing apparatus. The content reproducing apparatus includes a 
video display unit 24 having a large PDP (plasma display 
panel) screen or a large LCD screen, an audio output unit 23 
composed tWo left and right channel speakers, a processing 
module composed of the controller 10, and the physical 
motion sensor 51. 

[0073] The physical motion sensor 51 detects the motion 
of the user by capturing an image and detecting a change in 
the image. The physical motion sensor 51 is one of a video 
camera and an infrared sensor, for example. The sensor 
signal from the physical motion sensor 51 is supplied to the 
controller 10 in the processing module. 

[0074] The controller 10 predicts the motion timing of the 
user based on the sensor signal from the physical motion 
sensor 51, and controls the content data so that the timing 
indicated by the delimitation information corresponding to 
the content data to be reproduced is synchronized With the 
motion timing. 

[0075] If the content reproducing apparatus is a mobile 
music and video reproducing apparatus or a mobile tele 
phone as shoWn in FIG. 3, one of a Walk sensor, a physical 
motion sensor, an arm motion sensor may be used to match 
the delimitation timing of the content With a change point in 
the predicted Walk gait or the predicted body motion. The 
synchronization feeling With the reproduced content is thus 
improved, and the response of the reproduced content is 
improved on a real-time basis. 

[0076] If the content reproducing apparatus is a content 
reproducing apparatus installed indoors as shoWn in FIG. 4, 
a camera or a pressure sensor placed on ?oor may be used 

to synchronize the delimitation timing of the content With a 
change point in the predicted Walk gait or the predicted body 
motion. The synchronization feeling With the reproduced 
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content is thus improved, and the response of the reproduced 
content is improved on a real-time basis. 

[0077] The functional structure of the content reproducing 
apparatus 100 applicable as a mobile type or a stationary 
type is described beloW. FIG. 5 is a functional block 
diagram of the content reproducing apparatus 100 of FIG. 1. 
A physical motion detector 61, composed of the physical 
motion sensor 51 and the physical encoder 52, detects the 
motion of the user, such as the motion of each foot of the 
user during running, or the motion of the head of the user 
While listening to music. 

[0078] A motion/action predictor 62, composed of the 
CPU 11, the ROM 12, and the RAM 13, predicts the feature 
point, the period, and the rhythm (tempo) of the motion of 
the body of the user by analyZing physical motion data 
captured from the physical motion detector 61 via the CPU 
bus 14. 

[0079] The feature point of the body is a timing of a start 
point of the body motion (at Which the user moves his body 
from a stationary state), an end point of the body motion (at 
Which the user stops his body motion), a maximum point, a 
minimum point, a maximum peak point, or a minimum peak 
point. More speci?cally, the feature point is a timing of the 
user’s foot treading during Walking, or a timing of a turning 
point While the user sWing his body. 

[0080] A content timing adjuster 63 is composed of the 
CPU 11, the ROM 12, the RAM 13, and the output module 
20. The content timing adjuster 63 generates a real-time 
content, based on the prediction results provided by the 
motion/action predictor 62, and a content material and 
timing information accompanying the content material, each 
of Which is read by a content material reader 64 from a 
content material and timing information database 65. 

[0081] The content material reader 64 is composed of the 
CPU 11, the ROM 12, the RAM 13, the UP 31, the external 
UP 41, the digital I/ F 43, and the Wireless UP 44. The content 
material and timing information database 65 serves as a 
database for the recording medium 32 that stores content 
material data and timing information, or for a source server 
that transmits the content material data and the timing 
information. 

[0082] A content output unit 66, composed of the audio 
output unit 22 and the video display unit 24, outputs the 
content that is generated at the timing adjusted by the 
content timing adjuster 63. 

[0083] The content material is the material forming a ?nal 
content. The content material may be an ordinary content 
itself (such as music data or video data, recorded on one of 
CD and DVD, or music data compressed in compliance With 
MP3). Preferably, the content material may be a short music 
piece as short as several measures, or a short video footage 
on a per scene unit or cut unit. 

[0084] Meta information, such as delimitation information 
including timing information, indicating a beat timing, a 
scene change timing, etc. is attached to the content material 
data before recording or transmission. Alternatively, the 
timing information may be generated at the moment the 
content material is read. 

[0085] If the content materials are a short music piece on 
a measure unit, or a short video footage on a scene unit or 
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a cut unit, these content materials may be spliced With the 
time sequence relationship thereof ?xed, and the reproduc 
tion time of the spliced video may be extended or shortened 
as necessary. The resulting single content is thus generated 
on a real-time basis. 

[0086] The controller 10 in the content reproducing appa 
ratus 100 performs a user body motion prediction process 
based on the detection output (sensor signal) output from the 
physical motion sensor 51. The user body motion prediction 
process is described below. In the present embodiment, the 
user motion includes the Wide range of the user’s body 
motion such as Walking, raising the hand, and Wagging the 
head, entering into a room, leaving a room, lying ?at, 
standing up, etc. 

[0087] The physical motion sensor 51 attached to a head 
phone Worn by the user is noW an acceleration sensor, for 
example. FIG. 6 illustrates a sensor signal Waveform output 
from the acceleration sensor attached to the headphone. 

[0088] The controller 10 in the content reproducing appa 
ratus 100 predicts a future motion timing of the user body 
motion based on past time-series signal obtained from the 
physical motion sensor 51. The period of the motion timing 
of the user can be detected using an analysis technique such 
as auto-correlation operation or a frequency Fourier trans 
form (more speci?cally, fast Fourier transform). The auto 
correlation technique is used herein. 

[0089] As shoWn in FIG. 6, current time is 0 millisecond 
(msec), and a Waveform of auto-correlation function is 
acquired from past sensor signal. FIG. 7 illustrates an 
auto-correlation function Waveform that is obtained by con 
verting the sensor signal of FIG. 6 through the auto 
correlation function. In the auto-correlation Waveform of 
FIG. 7, peak-to-peak time interval is 600 msec. The period 
of the sensor signal of the physical motion sensor 51, 
namely, the motion timing of the user (period of variations) 
is 600 msec. 

[0090] Since the sensor signal Waveform of FIG. 6 has a 
period of 600 msec, a Waveform A of the immediate past 600 
msec is assumed to be a predicted Waveform. More speci? 
cally, the immediate past 600 msec Waveform A With respect 
to the current time is set to be an immediate future 600 msec 
Waveform predicted. 

[0091] In this example, the future sensor signal is expected 
to vary in the same Way as in the past. If the period of 600 
msec is repeated, a maximum value (at a treading timing) is 
present in the predicted Waveform, and a next treading 
timing is thus predicted. 

[0092] Using the FFT technique, the sensor signal from 
the physical motion sensor 51, as time-series data, is con 
verted into frequency-component data to detect the period of 
the original time-series data. Alternatively, the period of the 
sensor signal may be detected using a technique other than 
the auto-correlation operation and the FFT technique to 
predict the motion timing of the user. 

[0093] There are cases Where Wave prediction can be 
performed Without using any particular technique such as 
the auto-correlation technique. In one of such typical cases, 
the sensor signal takes a predetermined value, and then a 
motion timing occurs after a predetermined time elapse 
subsequent to the sensor signal having taken the predeter 














